We report the first observation of a baryonic B 0 s decay, B 0 s → pΛK − , using proton-proton collision data recorded by the LHCb experiment at center-of-mass energies of 7 and 8 TeV, corresponding to an integrated luminosity of 3.0 fb −1 .
The experimental study of B-meson decays to baryonic final states has a long history, starting with the first observation of baryonic B decays by the CLEO collaboration in 1997 [1] . The . Areas of particular interest in baryonic B decays are the study of the hierarchy of branching fractions and the threshold enhancement in the baryon-antibaryon mass spectrum [2, 5] . Multi-body baryonic B decays are expected to have higher branching fractions than two-body decays [6, 7] . The B 0 → pΛπ − and B 0 s → pΛK − branching fractions are predicted to be of the order of 10 −6 [8] . The notation B 0 s → pΛK − is used hereafter for the sum of both accessible final states B 0 s → pΛK − and B 0 s → pΛK + . As emphasized in Ref. [8] , which studied the decays B and related modes such as B 
where N represents yields determined from mass fits, f q stands for the b hadronization probability to the meson B q , and represents the selection efficiencies. The inclusion of charge-conjugate processes is implied, unless otherwise stated. The data sample analyzed corresponds to an integrated luminosity of 1.0 fb −1 of proton-proton collision data collected by the LHCb experiment at center-of-mass energies of 7 TeV in 2011 and 2.0 fb −1 at 8 TeV in 2012. The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks [13, 14] . The pseudorapidity is defined as η = −ln [tan(θ/2)], where θ is the polar angle with respect to the proton in the positive z direction. The detector elements that are particularly relevant to this analysis are a siliconstrip vertex detector surrounding the proton-proton interaction region that allows heavy hadrons to be identified from their characteristically long flight distance; a tracking system that provides a measurement of momentum, p, of charged particles; two ring-imaging Cherenkov detectors that are able to discriminate between different species of charged hadrons; a calorimeter system for the measurement of photons and neutral hadrons; and multiwire proportional chambers for the detection of muons. Simulated data samples, produced as described in Refs. [15] [16] [17] [18] [19] [20] , are used to evaluate the response of the detector and to investigate and characterize possible sources of background.
Events are selected in a similar way for both the signal decay B 0 s → pΛK − and the normalization channel B 0 → pΛπ − , where Λ → pπ + . Real-time event selection is performed by a trigger [21] consisting of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which performs a full event reconstruction. The hardware trigger stage requires events to have a muon with high transverse momentum, p T , or a hadron, photon or electron with high transverse energy deposited in the calorimeters. For this analysis, the hardware trigger decision can either be made on the signal candidates or on other particles in the event. The software trigger requires a two-or three-track secondary vertex with a significant displacement from all the primary pp interaction vertices (PVs). At least one charged particle must have high p T and be inconsistent with originating from a PV. A multivariate algorithm [22] is used for the identification of secondary vertices consistent with the decay of a b or c hadron.
The Λ decays are reconstructed in two different categories: the first consists of Λ baryons that decay early enough for the proton and pion to be reconstructed in the vertex detector, while the second contains those that decay later such that track segments cannot be reconstructed in the vertex detector. These reconstruction categories are referred to as long and downstream, respectively.
The selection of B 0 (s) candidates, formed by combining a Λ candidate with a proton and a pion or kaon, is carried out with a filtering stage, a requirement on the response of a multilayer perceptron [23] (MLP) classifier, and particle identification (PID) criteria discussed below. The proton and pion or kaon, of opposite charge, both decay products of the B meson, are hereafter referred to as the charged hadrons. Unless stated otherwise, the terms proton and pion refer to the charged hadrons from the B-meson decay, not to the Λ decay products. Both the B 0 → pΛπ − and the B 0 s → pΛK − decay chains are refitted [24] employing a mass constraint on the Λ candidates.
In the filtering stage the Λ decay products are required to have a minimum momentum, p, form a good quality vertex and satisfy |m(pπ − ) − m Λ | < 20(15) MeV/c 2 for downstream (long) candidates, where m Λ is the Λ mass [25]. They must have a large impact parameter (IP) with respect to all PVs, where the IP is defined as the minimum distance of a track to a PV. A minimum χ 2 IP with respect to any PV is imposed on each Λ decay product, where χ 2 IP is defined as the difference between the vertex-fit χ 2 of a PV reconstructed with and without the particle in question. A loose PID requirement, based primarily on information from the ring-imaging Cherenkov detectors, is imposed to select the proton candidate from the Λ baryon to remove background from K 0 S decays. For downstream Λ candidates a minimum momentum is also required.
A minimum requirement is imposed on the scalar sum of the p T of the Λ candidate and the two charged hadrons. The distance of closest approach among any pair from (p, Λ, h − ) divided by its uncertainty must be small. The B candidate must have a good quality vertex, have a minimum p T and a small χ 2 IP with respect to the associated PV as its reconstructed momentum vector should point to its production vertex; the associated PV is the one with which it forms the smallest χ 2 IP . The pointing condition of the B candidate is further reinforced by requiring that the angle between the B-candidate momentum vector and the line connecting the associated PV and the B-decay vertex (B direction angle, θ B ) is close to zero.
Backgrounds from the Further separation between signal and combinatorial background candidates relies on MLPs implemented with the TMVA toolkit [26] . The MLPs are trained using simulated B 0 → pΛπ − samples, generated according to a constant matrix element without intermediate resonances, to represent the signal, and with data from the high-mass sideband region 5400 < m(pΛπ − ) < 5600 MeV/c 2 for the background, to avoid partially reconstructed backgrounds. Separate MLPs are trained and optimized for each year of data taking and for the two Λ reconstruction categories. Each MLP is used to select both B 0 → pΛπ − and B 0 s → pΛK − candidates. The seventeen variables used in the MLP classifiers are properties of the B candidate, the charged hadrons and the Λ decay products. The input variables are the following: the χ 2 per degree of freedom of the kinematic fit of the decay chain [24] ; the IP for all particles calculated with respect to the associated PV; the distance of closest approach between the two charged hadrons and the sum of their corresponding χ 2 IP ; the Λ candidate decay-length significance with respect to the B vertex, i.e. the decay length divided by its uncertainty; the angle between the Λ momentum and the spacial vector connecting the B and Λ decay vertices in the B rest frame; the Λ decay time; the B-meson p T , pseudorapidity, direction angle θ B , decay-length significance and decay time; the Λ helicity angle defined by the Λ momentum in the B rest frame and the boost axis of the B meson, which is given by the B-meson momentum in the laboratory frame; the pointing variable defined as
The optimal MLP requirement for each of the four subsamples is determined by maximizing the signal significance of the B 0 → pΛπ − normalization decay, with the variation of the signal efficiency with MLP cut value determined from simulation.
A PID selection is applied to the charged hadrons after the MLP selection. No additional PID requirement is applied to the proton from the Λ candidate since no contamination from misidentified K
The optimization of the PID requirements follows the same procedure as the optimization of the MLP selection. If more than one candidate is selected in any event of any subsample, which occurs in about 5% of selected events, one is chosen at random.
Large data control samples of [27] to determine the efficiency of the PID requirements. All other selection efficiencies are determined from simulation. It is necessary to account for the distribution of signal candidates and the variation of the efficiency over the phase space of the decay. The variation is well described by the factorized efficiencies in the two-dimensional space of the variables m 2 (pΛ) and m 2 (ph − ) defining the Dalitz plot. Simulated events are binned in m 2 (pΛ) in order to determine the selection efficiencies, the variation in m 2 (ph − ) being mild and therefore integrated out. The distribution of signal decays in the phase space is obtained separately for each spectrum with the sPlot technique [28] with the B-meson candidate invariant mass used as the discriminating variable. The overall efficiencies of this analysis are of order 10 −4 . The efficiency of the software trigger selection on both decay modes varied during the data-taking period. During the 2011 data taking, downstream tracks were not reconstructed in the software trigger. Such tracks were included in the trigger during the 2012 data taking and a further significant improvement in the algorithms was implemented mid-year. The corresponding changes to the trigger efficiency are taken into account.
Potential sources of background to the pΛh − spectra are investigated using simulation samples. Cross-feed between the B 0 → pΛπ − and B The yields of the signal and background candidates in eight subsamples are determined from a simultaneous unbinned extended maximum likelihood fit to the pΛh − invariant mass distributions. The eight subsamples correspond to the 2011 and 2012 data-taking periods, the two Λ reconstruction categories, and the pΛπ − and pΛK − final state hypotheses. This approach allows the use of common shape parameters, and the level of cross-feed background can be better constrained by fitting all subsamples simultaneously. The probability density function in each subsample is defined as the sum of components accounting for the signal decay, the cross-feed contribution, the B 0 → pΣ 0 π − and B arise from residual differences between data and simulation in the trigger, reconstruction, selection and particle identification. Additional uncertainties arise due to the limited size of the simulation samples and the corresponding uncertainty on the distribution of the efficiencies across the decay phase space. As the efficiencies depend on the signal decay-time distribution, the effect coming from the different lifetimes of the B LHCb collaboration
